The respiratory control of adhE, which encodes ethanol (alcohol) dehydrogenase in Escherichia coli, was examined at the transcriptional level by using various 4N(adhE'-lacZ) (36) . In the present study, we tried to characterize the transcriptional control of the adhE gene by using a merodiploid strain bearing the wild-type adhE+ and a copy of 'D(adhE'-lacZ) on the chromosome.
The facultative anaerobe Escherichia coli carries out mixed-acid fermentation during anaerobic growth 5) . Recently, it was discovered that the adhE protein was also responsible for the pyruvateformate-lyase-deactivase activity (18) .
In our early study of ethanol dehydrogenase in Klebsiella pneumoniae, the enzyme activity level was increased more than 10-fold by anaerobic growth with glycerol as the carbon and energy source. The addition of fumarate as an electron acceptor to the anaerobic culture decreased (the activity level by more than fourfold (24) . The anaerobic growth effect on the level of ethanol dehydrogenase activity was also observed in E. coli; furthermore, nitrate decreased this activity level both aerobically and anaerobically (4 (36) . In the present study, we tried to characterize the transcriptional control of the adhE gene by using a merodiploid strain bearing the wild-type adhE+ and a copy of 'D(adhE'-lacZ) on the chromosome.
Cloning of the adhE gene and construction of the (F(adhE'-lacZ) adhE+ merodiploid strain. An 8-kb EcoRI-PvuII fragment from X3D5 (19) DNA was cloned into the EcoRIEcoRV sites of the plasmid vector pBluescript to construct pADH7 (Fig. 1 ). This plasmid contained adhE and an IS2 element upstream of the gene (35 (Fig. 1) . When pADH8 was transformed into strain MRi93, bearing a pcnB mutation that reduces the plasmid copy number four-to fivefold (22) , the level of ethanol dehydrogenase activity of the transformants under both aerobic and anaerobic conditions was three to four times higher than that of the cells bearing the vector alone. Moreover, the enzyme activity level of anaerobically grown cells was severalfold higher than that of the aerobically grown cells (data not shown). Therefore, in pADH8, the 0.9-kb fragment upstream of the adhE open reading frame contained the regulatory region responsible for the respiratory transcriptional control.
To construct the adhE'-lacZ operon fusion, the 1.4-kb MluI-BglII fragment spanning about 0.9 kb upstream and 0.5 kb downstream of the initiation codon of adhE was cloned into the SmaI-BamHI sites of the fusion vector pRS415 (28) . The constructed P(adhE'-lacZ) plasmid pADH102 was transferred into XRS45 (28) by homologous recombination in vivo, and the resultant recombinant phage XADH12 was used to lysogenize appropriate E. coli hosts (Table 1) according to the procedures described by Simons et al. (28) . Strain ECL1100 bearing adhE+ and 'F(adhE'-lacZ), identified as a single lysogen, was chosen for this study and used as the host to construct various mutants (Table 1) by Plvir transduction (25) .
Aerobic and anaerobic expression of adhE. Cultures of wild-type strain MC4100 (adhE+) and its isogenic derivative ECL1100 [4D(adhE'-lacZ)adhE+) grown under aerobic and anaerobic conditions were assayed for ethanol dehydrogenase and ,B-galactosidase activities ( (8, 17, 26, 34) . In the presence of nitrate and molybdate, NarL becomes an activator for the narGHJI operon encoding the nitrate reductase complex but a repressor for other operons such asfrdABCD, which encodes fumarate reductase (12, 13, 16, 30) , the dms genes, which encode TMAO-dimethyl sulfoxide reductase (7), or the adhE gene (16) . The second mechanism of nitrate regulation involves the chemical reduction of nitrate, which alters the cellular redox potential. Nitrate reduction can be catalyzed by two different enzyme complexes. The first is encoded by narGHJI, and the second is encoded by narZ, which is not under NarL control (1, 30) . Since both enzymes require the molybdenum cofactor for activity, nitrate reduction can be completely prevented by a mutation in chlE which blocks the synthesis of the cofactor (31).
To study further the anaerobic nitrate repression of adhE, we compared the properties of strains bearing mutations in narX, narL, narH, narI, or chlE (Table 3 ). In strains ECL1104 (narX), ECL1103 (narL), and ECL1105 (AnarXL), the repression was relieved four-to fivefold. In contrast, the repression was only slightly relieved in strains ECL1101 (narH) and ECL1102 (narI). In strain ECL1106 (chiE), the repression was relieved about fivefold. In the AnarXL chlE double mutant ECL1107, the repression was completely abolished. It therefore appears that the nitrate repression observed in wild-type cells reflected the additive effects of NarL and the change in cellular redox potential caused by nitrate reduction. It might be noted that in the narX, narL, and chlE mutants, the anaerobic activity levels of ethanol dehydrogenase and ,B-galactosidase were both subnormal. Perhaps the decreased enzyme levels were associated with the inferior anaerobic growth of the mutants.
The direct role of NarL is supported by the observation that in strain ECL1100 nitrate exerted a slight but significant repression even aerobically, when no significant nitrate reductase activity would be expected. No aerobic nitrate repression was observed in the narL mutant ECL1103 (Table  3 ).
The strong degree of repression by nitrate (E'`= +430 mV), exceeding that Of 02 (E'`= +820 mV), would suggest 
